Lillo EP, Malaki AB, Alcazar SMT, Rosales R, Redoblado BR, Pantinople E, Nuevo RU, Cutillar RC, Almirante A, Buot IE Jr. 2020. Diversity and distribution of ferns in forest over limestone in Cebu Island Key Biodiversity Areas (KBAs), Philippines. Biodiversitas 21: 413-421. Three forest areas of Cebu Island, Philippines were recognized as Key Biodiversity Areas (KBAs) by Department of Environment and Natural Resources [DENR], Philippines based on the criteria of vulnerability and irreplaceability, namely Nug-as of Alcoy, Palinpinon Range of Dalaguete, and Mt. Lantoy of Argao. The study aimed to assess the composition, diversity, and distribution of ferns in the aforementioned KBA's. Quadrat at 20 m x 20 m was established within the 2000 m transect line at an interval of 200 m.
INTRODUCTION
The Philippines is one of the 25 mega diverse countries but it also one of the 25 hotspots identified for conservation based on the high number of endemic species and extent of habitat loss in the country (Myers et al. 2000) . The forest cover of Cebu Island is now less than 1% of its total land area (Mallari et al. 2001) . Several forest species recorded in the late 1950s are now considered locally extinct (Rabor 1959; Brooks et al.1995; Magsalay et al. 1995; Collar et al.1999) .
Identification of KBAs for both terrestrial and marine areas followed the process outlined in Langhammer et al. (2007) . The criteria of vulnerability and irreplaceability were both applied. Vulnerability was triggered by the confirmed presence of one or more globally threatened species, classified as Critically Endangered (CR), Endangered (EN), and Vulnerable (VU) based on the IUCN Red List of Threatened Species (http://www.iucnredlist.org). The Nug-as Forest of Alcoy, Cebu, Palinpinon Range of Dalaguete, Cebu, and Mt. Lantoy of Argao, Cebu was among the 117 terrestrial areas recognized as KBA's (KBA 85) . The new KBA site has a total area of 10,457 ha. This site has two critically endangered species, two endangered species, four vulnerable species and 16 restricted-range species (Conservation International Philippines, Department of Environment and Natural Resources [DENR]-Protected Areas and Wildlife Bureau, and Haribon Foundation 2006) .
Vascular epiphytes, including orchids, bromeliads, aroids, and pteridophytes, are important components of the vegetation in tropical montane forests. Ferns are plants belonging to the division Pteridophyta. They have neither flowers nor seeds and they reproduce by means of a single unit known as spore (Buot 1999) . Ferns once dominate terrestrial plant communities over the entire globe (Vogel et al. 1999) and are still present in most terrestrial ecosystems depending on the agroclimatic conditions and degree of human disturbances (Odland et al. 1995) . Ferns are good candidates to address important issues related to the assessment, monitoring, and restoration of biodiversity (Alcala et al. 2019 ; De los Buot 2012, 2018) .
However, only few attempts have been made to model fern distributions from environmental characteristics (Alcala et al. 2019; Buot 2012, 2018) , or to investigate broad-scale patterns in fern diversity. Several books have been published regarding Philippine Pteridophytes. Most are on floristics only (Copeland 1958; Amoroso 1987; Barcelona 2002; Banaticla and Buot 2008) . Foremost was the three-volume work of Copeland (1958) , which accounted for 20 families, 155 genera and 950 species.
Botanical assessments such as floristic composition, species diversity and structural analysis are essential for providing information on species richness for forest management purposes, and in understanding forest ecology and ecosystem functions (Giriraj et al. 2008; Pappoe et al. 2010) . Baseline data including distribution, and threats to species is vital in identifying plant species at risk, and for appropriate conservation planning (Rivers et al. 2010) . The primary aim of the study was to assess the composition, diversity, and distribution of fern species in Nug-as, Palinpinon Range and Mt. Lantoy KBAs for conservation and protection purposes
MATERIALS AND METHODS

Study area
The study was conducted in the Key Biodiversity Area (KBA's) of the Southern part of Cebu Island Philippines. The site includes: Mt. Lantoy of the Municipality of Argao (09°549 N, 123°329 E) with an elevation ranges from 100-700 m, Nug-as forest (09°71'N, 123°44'E) ranges from 500-960 m of the Municipality of Alcoy, and Palinpinon Range (09°82N, 123°49E) of the Municipality of Dalaguete, Cebu with an elevation ranges from 500-600 m (Figure 1 ).
Establishment of sampling plots and plant species identification
Ten 20 m x 20 m quadrats were established within the transect line at an interval of 200m. The establishment of transect line largely depended on the accessibility of the forest for at least a minimum of 1000m and a maximum of 2,000 m in length. All of the fern species within the plot were identified. Total number of species and individuals within the plot were tallied and documented. Identification of sample specimens was done through use of floras and manuals (Copeland 1958; Fernando 2007) , herbarium vouchers (Philippine National Museum file), digital database (Co's Digital Flora of the Philippines; https://www.philippineplants.org), and online literature (http://www.theplantlist.org). 
Conservation status of species
Conservation status of the species was determined based on classifications by the Department of Environment and Natural Resources (DENR 2017) and the International Union for the Conservation of Nature (IUCN 2017). The identified herbarium specimens were deposited in the newly established mini-museum of the Cebu Technological University-Argao Campus. The mini-museum showcased the species collected from different KBA's for instruction, research, and public service purposes.
Data analysis Diversity of plant species
Fern species diversity was computed and interpreted by using H' through the Multivariant Statistical Package (MVSP) software. Shannon diversity index was sensitive to areas with fragmented forests like Mt. Lantoy, Palinpinon range, and Nug-as forest.
Compilation of H' values of all sample plots provided valuable information, particularly in explaining relationship with diversity and the presence/absence (PRAB) of anthropogenic or natural stress factors in the site.
Cluster and ordination analyses
The cluster analysis of fern species was done using XLSTAT Version 2016.02.28451 in Microsoft Excel. The general analytical methods performed in the study was modified from Andersen et al. (2009) and Legendre et al. (2008) . Differences in fern species composition between sites were assessed with floristic dissimilarity matrices; 1. Presence/absence (PRAB) and 2. Species abundance (ABU) data. Cluster analysis of fern community and composition were designed using Jaccard dissimilarity matrix and Sorensen dissimilarity matrix using Multivariate Statistical Package (MVSP) software.
RESULTS AND DISCUSSION
Characteristics of the Key Biodiversity Areas in southern Cebu
Mt. Lantoy KBA, in general, is characterized as forest over limestone habitat types with an elevation ranges from 100-800 m, dominated by Carcar formation (Lillo et al. 2019) . Mt. Lantoy has a geological composition of mostly raised sedimentary and metamorphic rocks-a considerable part of it being limestone (Audley-Charles et al. 1979) . The habitat type is comparable to the forest over limestone of the Philippine forest formation of Fernando et al. (2008) , and similar to the so-called 'Molave' (Vitex parviflora) forest as described by Whitford (1911) . The forest is dominated by less dense vegetation, small size trees, and few large trees. The larger trees prohibit the penetration of solar radiation into the forest floor, this can be observed in the upper elevation. Lesser vegetation and smaller size trees were observed in the lower part of the mountain. The forest is also covered by large size of outcrop bedrocks with shallow soil and undecomposed organic matters (Lillo et al. 2019 ).
Palinpinon range, in general, is also characterized as forest over limestone's habitat types similar to Mt. Lantoy, with an elevation ranges from 500-600 m, and characterized as having a mountainous topography. Palinpinon range serves also as corridor for the biodiversity species of both Mt. Lantoy and Nug-as forest since it is located in between. The site is covered by smaller size trees ranging from 11-30 cm. The forest is covered by vegetation to almost 40%, canopy cover of 30%, and understory of 50%. The forest is also covered by native trees with almost uniform in height and non-stratified layering as compare to Mt. Lantoy. The high number of small size trees in the study area signified more penetration of solar energy on the forest floor.
Nug-as Forest of the Municipality of Alcoy is characterized as forest over limestone and tropical lowland evergreen forest. The forest over limestone is located in the forest edge and mountain ridge as indicated by larger rock outcrops, while the tropical lowland forest covers majority of the area. Nug-as forest has a total land area of 1,600ha. The 800ha is covered by plantation and shrub vegetation, with an elevation ranges from 0-960m (Paguntalan 2008) . The forest can be compared to Mt. Lantoy, characterized as secondary forest covered by trees with diameter ranges from 15-80cm, larger and taller among KBA's. The forest was densely cover by70% vegetation and a canopy cover of 60%. According to Jakosalem et al. (2012), the forest was covered by various indigenous tree taxa such as Ficus, Syzygium, and Buchanania, and are surrounded by open farmland and intercalating areas of plantation of Swietenia, Tectona, Gmelina, and Eucalyptus species.
Species composition
A total of 50 species were recorded in the study sites from 30 quadrants ( Table 1) . The species were categorized into 15 families and 29 genera. The recorded species were just 56% to the fern species recorded on Mount Banahaw with 83 species, representing 47 genera and 24 families (Banaticla and Buot Jr 2005) . Out of 50 species, 12 indigenous species were considered as new records on Cebu Island. Buot (1999) conducted a survey of fern species in Cebu Island, but none of these species were recorded. These species with new record arrived on Cebu Island through natural means ( Table 2) .
The most represented families are Thelypteridaceae, Pteridaceae, Aspleniaceae, and Polypodiaceae. The same dominant families were recorded on Mount Banahaw (Banaticla and Buot Jr 2005) . Asplenium, Pterida, Lygodium, Adiantum, and Cyclosorus are the most dominant genera (Table 1) .
Eighty-six (86) percent of the species were terrestrial, and 7% were classified as epipetric and epiphytic. Twelve species were identified as having medicinal values (Table  1) , 7 species were identified as having food values, and 3 species were potential fiber sources. Out of the 50 species, 3 species were found endemic to the Philippines (Selaginella myosurus Alston, Lindsaea adiantoides J.Sm and Drynaria descensa Copel), one was introduced from South America (Adiantum tenerum Sw.) and 46 species were considered as indigenous species (Table 3) . All of the fern species were recorded in Nug-as forest of Alcoy (100%), 90% of species were recorded in Mt. Lantoy, and 64% were recorded in Palinpinon range (Table 3 ). Of the 50 species, 13 species were recorded in both Mt. Lantoy and Nug-as forest KBA's, but absent in Palinpinon range. While 6 species were recorded only in Nug-as forest (Table 3) .
B I O D I V E R S IT A S
Conservation status of fern species was determined based on IUCN 2017 and DENR-DAO 2017-11 classification. Based on the IUCN classification, Aglaomorpha splendens Copel was found to be threatened and categorized as Vulnerable. The rest of the species were classified as Least Concerned (LC) and are still dominant in the wild (Table 1) . However, based on DENR classification 2 species are found to be threatened or categorized as vulnerable. The species are Asplenium nidus L. and Drynaria quercifolia (L.) J. Sm. The rest of the species are still dominant in the wild (Table  1) . Asplenium nidus L. was recorded only in Nug-as forest of Alcoy and was absent in Palinpinon range and in Mt. Lantoy. While the Drynaria quercifolia (L.) J. Sm was observed both in Mt. Lantoy and Nug-as forest (Table 1) .
Nug-as forest and Mt. Lantoy as KBA serve as habitat to high fern species diversity, threatened, endemic and unique species. Based on site characterization, Nug-as forest and Mt. Lantoy have more varied environmental conditions, with higher elevations, as compared to Palinpinon range. Based on Pearson "R" correlation, there is a strong positive correlation (R 2 = 0.8455) between site elevation and with species diversity (Figure 2 ). In addition, the forest structure and species composition of Nug-as forest and Mt. Lantoy are different as compared to Palinpinon range. Esperanza (1993) reported that the factor affecting the distribution of Pteridophyte species was the floristic composition and structure of woody vegetation along the slope.
Diversity of fern species
Based on Shannon diversity index (H'), Brillouin's index (HB) and Simpson diversity index (Ds) computed through MVSP software, both Nug-as forest and Mt. Lantoy have higher species diversity as compared with Palinpinon range (Figure 3) . The two study sites (Nug-as forest and Mt. Lantoy) have a relative value of very high species diversity (Mac Donald 2003) . Species diversity is a community attribute related to stability, productivity, and trophic structure (McIntosh 1967 , McNaughton 1977 , Tilman 1996 . Therefore, an area with high species diversity results in a more stable and productive ecosystem as could be observed in Nug-as forest and Mt. Lantoy KBA's. The result of the study concurred with the findings of Lillo (2019) Cluster analysis of fern species community by both Jaccard and Sorensen dissimilarity matrices through MVSP software, showed that Nug-as forest and Mt. Lantoy KBA were forming one cluster based on species composition, and presence and absence of species (Figure 4 and 5). The fern species in Palinpinon range proved to have a distinct fern species composition different from Nug-as forest and Mt. Lantoy, hence it formed a separate cluster (Figures 4  and 5) . The result agreed with the fern species distribution in different study sites (Table 3) .
In conclusion, a total of 50 species were recorded in the study sites. The species were categorized into 15 families and 29 genera. Thirteen species were uniquely shared only by Mt. Lantoy and Nug-as forest. However, 6 species were recorded only in Nug-as forest. Twelve native or indigenous species were considered new records on Cebu Island. Nug-as forest and Mt. Lantoy as KBAs showed a relatively high value of Shannon diversity index, forming as one cluster. Palinpinon range, though had been sharing similar species with the former two forests, proved to be different and hence, forming another cluster.
